The tendency for Engel curves to flatten out at high income levels is frequently cited as evidence that major shifts in household consumption patterns occur as household income rises. Empirically, little has been done to examine (i) whether saturation is indeed a general property of Engel curves, (ii) whether the rate at which Engel curves flatten out may significantly change over time, and (iii) how robust Engel curves are in the face of changes in the income distribution of households. Using data from the UK Family Expenditure Survey, we find evidence that saturation is indeed widespread among Engel curves across a wide range of goods and services. However, a tendency for their shape to shift over time, and for these shifts to co-move with changes in the income distribution of households, casts some doubt on whether the declining slope of Engel curves can be used to predict slowdowns in the growth rate of demand for particular goods and services. We also uncover evidence supporting the notion that industries tend to innovate goods and services in order to escape saturation pressure.
Introduction
For more than 150 years scholars have argued that observed changes in the industrial composition of growing economies are linked to the manner in which household expenditure patterns change as household income rises (Engel 1857; Kuznets 1973; Krüger 2008 ). While it is well known that household budget shares on food expenditure decline as household income rises (Engel 1857) , a growing body of literature assumes that household expenditure on any particular good has an upper limit. This limit is located at a different level of income for each good and implies that, once it is reached, household expenditure will cease to rise in response to increasing income (see inter alia Aoki and Yoshikawa 2002; Metcalfe et al. 2006; Saviotti and Pyka 2008) . This saturation level causes the specific growth rate of demand faced by each sector to follow an S-shaped path whereby demand growth will slow down and eventually cease, as more households reach the saturation level of income. Consequently, resources will shift away from industries supplying goods for which demand has saturated towards other, newly-emerged industries producing goods.
To date, little has been done to examine the extent to which saturation can be found across the wide variety of goods and services present in modern economies, and whether it is valid to make inferences about the growth rate of demand based on cross-sectional expenditure patterns. The original evidence for the existence of saturation stems from empirical studies undertaken in the 1950s (Aitchison and Brown 1954) that employ a parametric approach in which the shape of the Engel Curve (henceforth EC) is assumed a priori. This casts some doubt on whether indeed such studies can be used to support the existence of saturation. This paper uses nonparametric estimation methods to estimate ECs that allows us to infer the properties of ECs, including the existence of saturation, directly from the data.
Examining long run data on UK household expenditure , our findings suggest that saturation is indeed a general property of ECs, as almost all major expenditure categories exhibit saturation at some point in the observed thirty year interval, although there are substantial differences in the propensity to exhibit saturation across different types of expenditure categories. In particular, our results suggest that certain lower order goods, such as food, have a higher propensity to exhibit saturation than higher order goods such as services, which are less subject to the physiological forces that are responsible for saturation. Such differences suggest that assuming the existence of saturation may be appropriate in modeling structural change taking place in economies dominated by agricultural or manufacturing sectors, but may be less appropriate when modeling structural change in service-dominated economies.
A second implicit assumption in the structural change literature is that ECs are stable over time. In fact, ECs can change for a wide range of reasons (Fagiolo 2001 , Aversi et al. 1999 . Most notably, it is possible that the emergence of higher quality goods and services may affect the EC shape and position. These innovations can be driven by changes in the income distribution of households (Foellmi and Zweimüller 2006) or by entrepreneurs and firms reacting to the slowdown in demand (Witt 2001) . Our findings suggest that ECs exhibit a tendency to shift over time, and that this tendency is associated with changes in the income distribution of households as well as prices. In particular, using cointegration analysis, we find evidence that shifts in ECs move together with the average household income, saturation levels, and relative price changes in three out of five major expenditure categories that are predominantly composed of services, as well as in two of the seven major expenditure categories that are mainly composed of goods. These findings highlight the fact that a slowdown in demand due to saturation may trigger firms and industries to innovate their goods and take advantage of increasingly affluent households in order to ensure that demand continues to grow. This paper is structured as follows. Section 2 describes theories of demand-driven structural change and the empirical evidence for demand saturation. Section 3 uses nonparametric methods to examine whether saturation can be found in ECs across a wide variety of goods and services. In section 4 we measure the extent to which ECs are stable over time, while in section 5 we examine to what extent the uncovered shifts in ECs are associated with shifts in the household income distribution. Section 6 concludes.
Demand saturation: theory and evidence
How do consumption patterns change as household income rises? A well-known effect of rising income on household consumption patterns is Engel's law which states that a household's budget share on food expenditure will decline as household income rises (Engel 1857) . Indeed, one of the main motivations driving Engel's work was to evaluate the extent to which industries were adapting to changing household consumption patterns (Chai and Moneta 2010) . While Engel's law only relates to food expenditure, many contemporary models of demand-driven saturation assume that household expenditure on any particular commodity has an upper limit, or saturation level, beyond which expenditure ceases to rise in response to increasing income (see inter alia Aoki and Yoshikawa 2002; Metcalfe et al. 2006; Foellmi and Zweimüller 2008; Saviotti 2001) . As Pasinetti puts it "there is no commodity for which any individual's consumption can be increased indefinitely. An upper saturation level exists for all types of goods and services although at different levels of real income" (Pasinetti 1981: 77) . In the following, we label the existence of such a limit on expenditure for a good as 'saturation', and the tendency for expenditure on a good to grow less proportionally than income as the 'tendency to saturate'. The latter is a necessary, but not sufficient, condition to observe the former. The presence of saturation, or its tendency, acts as a natural limit on the growth rate of any one sector in the economy because it causes demand growth to slow down as household income rises. Consequently, the overall industrial composition of the economy is affected by the changing composition of consumption that is stimulated by rising household income.
The claim that saturation is a general property is based on early empirical studies about the shape of ECs. In particular, Pasinetti cites the study of Aitchison and Brown (1957) , which suggests that almost all ECs can be estimated with a functional form that features a saturation level and is based on the log normal distribution.
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Since then the EC shape has been the subject of much debate in the empirical literature which has been conducted in the context of parametric estimation methodology. The parametric approach was predominant for much of the twentieth century and required researchers to make a priori assumptions about the shape of the EC. Via the gradual shift away from linear towards log-linear (Working 1943) and eventually nonlinear functional forms (Prais 1953; Banks et al. 1997) , some consideration was given to functional forms that imposed a saturation level of expenditure (Aitchison and Brown 1954) .
However, saturation is notably absent from functional forms used to estimate ECs in contemporary studies of demand. For example, Deaton and Muellbauer's Almost Ideal Demand System (1980a) uses log-linear, non-saturating ECs. This reflects the need to use functional forms that are consistent with a constrained utility maximisation approach, which is built on the assumption of a simple linear budget constraint in which the sum of all particular expenditures must equal the household's total budget (the adding-up restriction). As such, the sum of all total expenditure elasticities, when weighted by the corresponding budget share, must add up to unity (Deaton and Muellbauer 1980b: 16) . It rules out the possibility of saturation being a general property of ECs across all goods as this would imply that the income elasticity of all goods approaches zero starting from a certain level of income. The adding-up restriction stems from the assumption that consumption always takes place at the upper boundary of the household's opportunity set, which is only fulfilled if the household cannot completely satisfy all its wants within the boundaries of the opportunity set (Deaton and Muellbauer 1980b: 14) .
In contrast, the presence of saturation across all goods suggests that, at some income level, the sum of all particular expenditures will not exhaust the entire budget. In other words, having attained some income level, a household will choose a set of goods that is within and not at the upper boundary of the set of the consumption possibilities. This means that the budget could be equal to or greater than the sum of all expenditures. In light of the historical expansion of household income that has been ongoing in developed economies in the postwar era (see Figure 1 ; Lebergott 1993) , one may begin to question to what extent it is still valid to assume that all households still consume at the upper bounds of its set of consumption choices.
2 Nevertheless, models of demand that do not conform to the adding up restriction are met with skepticism (Edgerton 1996: 245) . For the purpose of this study, the empirical question of whether saturation is a property of ECs that holds across a wide variety of goods and services should not be hindered by the fact that its existence may violate the adding up restriction.
[Insert Figure 1 about here.]
The theoretical basis for the presence of saturation in expenditure patterns is the notion that consumption is undertaken in order to satisfy a set of human wants. Many scholars argue that these underlying motivations driving consumption are 'satiable' in that a want can be effectively satisfied at some consumption level (see inter alia Menger 1871 , Marshall 1890 , Georgescu-Roegen 1954 . Because of the physiological nature of wants, Pasinetti argued that once these are satisfied, the marginal utility of successive increments of the same good tend to fall dramatically and can even become negative (Pasinetti 1981: 72) .
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The basic example is food, whereby once the consumer has eaten enough, further servings of food may be viewed with dislike by the consumer. Once a want is satiated, the corresponding consumption expenditure dedicated to its satisfaction ceases to rise and additional increases in income are dedicated to the satisfaction of other wants which are not yet satiated (Witt 2001) .
At the same time, how is the concept of saturation applicable to modern consumption patterns? Pasinetti acknowledged that, as households become more affluent, the physiological influence on consumption becomes relatively less important (Pasinetti 1981: 75) . Instead, consumption expenditure patterns become increasingly determined by the knowledge that households possess and the learning process through which households discover their preferences. Thus, how consumers obtain information and learn about new consumption techniques becomes an increasingly important determinant of consumption patterns (Witt 2001) . In this respect, Menger (1871) observed that economic development has yielded an entirely new class of higher order goods. These are distinct from lower order goods in that higher order goods and services do not directly satisfy consumers wants, but are instead used by consumers to transform other goods in a consumption process (e.g. an oven is used to make cake which is then consumed).
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Menger noted that the use of such higher order goods is heavily dependent on the consumer's knowledge and her ability to combine its use with other higher order goods and services (e.g. a consumer must use electricity to power the oven). More recently, Witt (2001) argued that a class of goods, which he dubbed 'tools', is relatively less subject to saturation in comparison with another class of goods, which he called 'direct inputs'.
In the following, we test the hypothesis that ECs of lower order goods have a higher propensity to exhibit saturation, whilst ECs of higher order goods have a relatively lower tendency to exhibit saturation. Specifically, we compare the ECs for food expenditure to ECs for service expenditure to test this hypothesis. Food is a lower order good as it is directly used up in consumption and mainly serves to satisfy hunger, which is a want subject to satiation (Ruprecht 2005) . Services are an example of higher order goods because of their intangible nature and the tendency for these to be modified in accordance with the consumer's specifications (Gallouj and Weinstein 1997) . In using services, consumers are buying a set of processing operation to be undertaken by a service provider. A major part of the growth in the consumption of services can be viewed as an outcome of an outsourcing exercise on the part of consumers who have little time or high opportunity costs to manipulate goods and services themselves (Lindner 1970) . For example, instead of cooking their own meals, cleaning their own houses, or fixing their own cars, consumers may purchase services to undertake these activities. In other cases, services are used because consumers seek 'expert' advice, e.g. medical and legal services, which are required in order to take advantage of knowledge accumulated in society (Earl and Potts 2004) . In either case, the consumption of services is less likely to be influenced by the physiological forces responsible for causing saturation. Thus, we investigate whether there are any significant differences between the frequency of observing saturation between foods and services.
Hypothesis on Saturation: Engel curves for lower order goods, such as food, tend to exhibit a relatively higher propensity to exhibit saturation relative to higher order goods, such as services.
Is saturation a general property of Engel curves?
This section investigates the extent to which saturation is a universal property of ECs across a wide range of goods and services, using the UK Family Expenditure Survey between 1968 and 2006.
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We also examine whether ECs for expenditure categories mainly composed of services display a higher tendency to saturate relative to ECs for food expenditure categories. From an econometric perspective, the EC describes the functional dependence of a specific household expenditure on household income, which we proxy by total household expenditure. The EC relative to a particular expenditure is estimated by regressing the amount of expenditure allocated to on total expenditure :
The subscript refers to households 1, . . . , . The EC exhibits saturation if it possesses a zero or negative slope at a certain interval of income. A zero slope indicates that is inelastic to incremental changes in . Graphically, if the slope is zero (or close to zero) for some interval of total expenditure, the EC is horizontal (or approximately horizontal). We estimate (1) nonparametrically using a kernel smoothing method proposed by Gasser and Müller (1984) and Gasser et al. (1991) . This estimator, besides having an asymptotic bias that is preferable to the Nadaraya-Watson estimator, has the advantage of dealing quite easily with the problem of heteroscedasticity, typical feature of household consumption patterns.
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An advantage of the nonparametric approach is that there is more scope to discovering and verifying general regularities because the shape of the regression curve is derived from the data without assuming any functional form a priori (see Engel and Kneip 1996 for a discussion). In contrast, in the parametric approach to EC estimation, the researcher is required to make an assumption about the functional form which includes an implicit assumption about the (non-)existence of saturation. However, the nonparametric approach cannot avoid dealing with two major problems that must be faced when working with household expenditure data. First, the functional form is influenced by the distribution of observations. As most household expenditure surveys have less observations at high levels of household income, some doubt may be cast on the properties of nonparametric Engel curves at these levels. However, in the case of the UK Family Expenditure Survey, Tanner (1999) studied the reliability of FES expenditure data by comparing it to spending figures found in the UK National Accounts. She found that the ratio of non-housing total FES expenditure to non-housing total expenditure in the National Accounts was around 90 per cent between 1974 and 1992. 7 Moreover, this problem is also mitigated by the fact that our sample sizes are relatively large: the range of observations used in estimating ECs is between 1636 (tobacco 2006) and 7350 (food 1981), with an average of 5576.
In addition, the variance of household expenditure data typically increases with income (Houthakker 1987) . This heteroscedasticity may explain the tendency for nonparametric ECs to be unstable at high income levels. This reduces the likelihood of observing a consistent trend towards a zero slope in the nonparametrically estimated ECs. To effectively deal with this issue, we focus on confidence intervals obtained by bootstrapping techniques that show the range of values in which the EC is located at a 95 per cent level of confidence.
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By examining how confidence bounds change across income levels, it is possible to infer saturation in spite of heteroscedasticity.
In particular, we define strong saturation as occurring when (i) the slope of the EC is decreasing at some interval of income, and (ii) the slope of both (upper and lower) confidence bands is decreasing at the same level of income. We define weak saturation as occurring when the slope of the EC is decreasing at some intervals of income. Figure 2 displays an example of weak saturation on the left-hand side and strong saturation on the right-hand side. In the figure on the right, both the upper and lower confidence bands have a negative slope. In the figure on the left, the lower confidence band possesses a negative slope at high income levels, however the upper confidence band is increasing consistently. Note that a feature of weak saturation is that it captures instances in which ECs possess a local maximum (located at the income level of 900 pounds), but this is not coupled with a drop in confidence intervals because the global maximum occurs at a higher income level (around the income level of 1400 pounds). These momentary drops in the slope of the EC are not easy to interpret: they may be the outcome of a low number of observations, or the presence of a saturation tendency. To discern whether it may be the latter, it is important to also consider how frequently weak saturation is observed across time.
[Figure 2 about here.] Table 1 reports the frequency of weak and strong saturation occurring in ECs estimated for the major expenditure categories found in the FES (and EFS) between 1968 and 2006. The major expenditure categories are food, energy services (expenditure on electricity, gas, etc.), alcohol, tobacco, clothing & footwear, household goods, household services, personal services, motoring, travel services, leisure goods, and leisure services. Along with these major expenditure categories, we also show results for selected food categories at the bottom of the table.
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The results in Table 1 show that both weak and strong saturation appear in all categories; there is no major expenditure category which does not exhibit either weak or strong saturation in the observed time period. The table also shows that the frequency of strong saturation is considerably lower than the frequency of weak saturation across all categories. Figure 3 provides a breakdown of these results over time. As such, these findings provide evidence that ECs across a wide variety of goods and services have a tendency to display saturation.
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However, this tendency does not appear to be irreversible or equally pervasive across all expenditure categories. With the exception of tobacco expenditure, the onset of saturation in one year does not imply that the EC will persistently display saturation in future years. Moreover, for any one particular year, most expenditure categories do not exhibit strong saturation: the maximum number of expenditure categories that exhibit strong saturation in one year is five (1974). Regarding the hypothesis on saturation, the results in table 1 also present strong evidence that there is a relatively greater tendency for ECs of lower order goods to display saturation. In particular, the food expenditure categories tend to exhibit relatively high frequencies of strong saturation.
12
In contrast, the service categories exhibit relatively low frequencies of strong saturation. The lowest frequency of strong saturation is found in leisure services, in which strong saturation occurs in 7 out of 39 years (around 18 per cent), while the highest frequency of strong saturation occurs in milk, which exhibits saturation in 22 out of the 39 years (57 per cent). Thus, the results provide support for the hypothesis that saturation is more frequently present in expenditure categories for lower order goods, such as food, relative to expenditure categories for higher order goods, such as services. In fact, Figure 3 shows that strong saturation is largely absent from the major service expenditure categories since the 1990s.
Evolution of saturation
This section evaluates to what degree estimated saturation points and the shape of ECs are stable over time. Models of demand-driven structural change tend to make inferences about how demand will change over time from the manner in which household expenditure patterns 9 We exclude housing expenditure because of well-known problems with this data (Tanner 1999; Blow et al. 2004) .
10 Regarding how sensitive these results are to demographic factors, we found that these results were robust when comparing ECs for households of different sizes (two and three person households). For reasons of space we do not report the results here, they are available on request.
11 Interestingly, this coincides with the occurrence of a major recession in the UK (see Figure 1) . 12 The relatively low frequency of strong saturation in the more aggregate food category was expected because of the presence of services (restaurant and catering services), which account for a large part of the growth in aggregate food expenditure. Because of the presence of these services, we focus the discussion on comparing on subcategories of food to service expenditure. change over income levels. If the properties of the relevant ECs are not stable over time, doubt is cast on the validity of this inference.
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Indeed, any macroeconomic model using an estimated marginal propensity to consume that is based on cross sectional household expenditure data makes the same assumption (Haavelmo 1947 , Haque 2005 . In particular, we investigate whether parametrically estimated saturation points change over time.
To study the evolution of ECs, we build an indicator aimed at measuring the stability of ECs by estimating the extent to which an EC at time is distant from the EC at time − 1. In another work (Chai and Moneta 2009), we examined the shapes of ECs over different expenditure categories and found that a significant clustering of EC shapes took place around a common form and that this clustering changed significantly between 1974 and 2001. Here, in order to measure shifts in the shape and position of ECs between year and year − ℎ, we use the following Average Distance (AD):
where (⋅) and (⋅) are ECs at time and − ℎ respectively and ( , ) , . . . , ( , ) is a number of equidistant points on the -axis. AD is measured with respect to the EC for a specific expenditure category . AD is measured for the twelve major expenditure categories between 1968 and 2006. In doing so, we deflate expenditure in each of the major categories using the category-specific RPI indices, as well deflating total expenditure using the general RPI index (the base year used is 2005). If > 0, the average change in expenditure for is positive. This implies an upward shift in the EC from − ℎ to (see the case of clothing & footwear or leisure services in Figure 4) . Conversely, if < 0 the average change in expenditure across all household income levels is negative. This implies a downward drift in the EC between and − ℎ (see the case of tobacco and energy services in Figure 4 ).
[ Figure 4 and Figure 5 about here.] Figure 5 shows AD over time for selected major expenditure categories. For most expenditure categories, the ADs have a surprisingly stable mean across time. This suggests that deviations from the mean are white noise. The Augmented Dickey Fuller test rejects the presence of a unit root in the ADs for each of the 12 major expenditure categories at the 0.05 level of significance. This indicates that the shifts in ECs are stationary. However ECs are not stable as stability would imply a zero mean in the ADs over time. The fact that ECs are unstable comes out more clearly by looking at the Cumulative Average Distance (CAD), which is defined as: Figure 6 displays the CAD for the major expenditure categories. The Augmented Dickey Fuller tests do not reject the presence of a unit root in the CAD for each of the 12 major expenditure categories at the 0.05 level of significance. This suggests the presence of a stochastic trend in the CAD over time. In terms of how these trends are related to price movements, Figure 7 plots the mean AD ( axis) and the ratio of the average changes in the price index for each of the major expenditure categories to the average inflation rate ( axis, based on the Retail Price Index, 1968 Index, -2006 . Previous studies have found that changes in the ECs are related to price changes (Härdle and Jerison 1991). Generally, our findings are consistent with Blow et al. (2004) who show that expenditures for some categories tend to closely track price changes. For example, both the CAD and prices for energy services exhibit a small negative trend. This means that there is both a decline in the relative price of energy services as well as a tendency for the EC for energy services to shift downward over time. Similarly, positive price trends in motoring and leisure services are reflected in positive price trends in CAD for these categories. Taken together, these finding suggest that expenditures such as energy services, motoring and leisure services are relatively price inelastic. Expenditure categories that display relatively higher price elasticities include tobacco, clothing & footwear and leisure goods.
[ Figure 6 and Figure 7 about here.]
How do theories of demand-driven structural change cope with the fact that price trends may influence the shape and position of ECs? Pasinetti argued that price changes can only temporarily postpone or anticipate the onset of demand saturation (Pasinetti 1981: 73) . However, he maintained that price changes cannot fundamentally alter the basic shape of the EC (Pasinetti 1981: 73) . In this respect, it is worth investigating how persistently the saturation points of ECs have changed over the observed interval. The saturation point of ECs are the income and expenditure level at which expenditure starts to become approximately insensitive to further increases in household income. This saturation point can change in terms of both (i) the level of expenditure, and (ii) the household income level at which saturation takes place (that is in terms of the and axis of the EC).
For this specific exercise, a parametric approach is preferable to a nonparametric approach because, as we have seen in the last section, nonparametrically estimated ECs do not exhibit a tendency to saturate persistently over time. For the purpose of this exercise, we assume that a saturation point does exist in order study how its position may change over time.
14 To this end, we identify a saturation point by estimating a sigmoid-shaped EC:
where is the asymptote of the curve. We define the saturation point as ( , ), where
14 The use of the parametric approach for estimating the saturation point will also overcome issues related to the possibility that nonparametrically estimated ECs may be sensitive to relatively low observation numbers at high income levels. Figure 9 displays how the estimated saturation points change over time for the major expenditure categories. Here it is interesting to note that, for some expenditure categories such as food as well as clothing & footwear, the saturation point displays both an upward and a rightward movement as it moves towards a higher expenditure as well as a higher income level. The fact that this upward movement occurs in spite of falling relative prices for these categories (see Figure 7) suggests that although such goods have become cheaper over time, the expenditure level at which saturation takes place has gradually increased to ever higher levels of income and expenditure. This lends some support to the thesis that certain industries, when faced with a slowdown in demand, have a tendency to innovate and upgrade the quality of products in order to delay the onset of demand saturation (Manig and Moneta 2009; Witt 2001; Ruprecht 2005) . In other cases, such as household services (see Figure 9 ), the expenditure level at which saturation takes place appears to shift upwards, but there is no movement in the income level at which the saturation point occurs.
[ Figure 8 and Figure 9 about here.]
Accounting for shifts in Engel curves
Beyond the tendency for ECs to shift over time, another crucial question is to what extent these changes are related to shifts in the income distribution of households. If co-movements are found between these variables, then it is truly questionable to what extent cross-sectional expenditure patterns can be used to model the manner in which consumption patterns change as household income increases. As Haavelmo (1947: 341) stated: "The ordinary familyexpenditure functions or Engel curves ... cannot be assumed to remain invariant under transformations of the income distribution." Recently, Foellmi and Zweimüller (2006) hypothesized that changes in the household income distribution may also foster the emergence of higher quality products by creating a wealthy class of households willing to pay high prices for new products. Other scholars argued that if indeed an increasing household income leads to a slowdown in demand for particular industries, firms may innovate and improve the quality of their goods and services in such a way as to avoid the effects of demand saturation (Witt 2001 : 39, Ruprecht 2005 . Both arguments suggest that a relationship may exist between changes in the underlying household income distribution and changes in the saturation levels exhibited by ECs. Thus, saturation levels may be observable in ECs, but they do not necessarily provide a good indication of the demand patterns that industries face in future periods.
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Therefore, 15 Indeed recently, Saviotti and Pyka (2010) have proposed a model of demand-driven structural change in which the demand saturation level can be shifted by increases in household income and improvements in the quality of goods and services.
we use cointegration analysis to check whether shifts in the position of ECs, as well as their saturation level, are associated with changes in the distribution of household income.
To this end, we run a battery of cointegration tests in order to examine whether there exists a stable long run relationship between the CAD, the average household income, relative price changes for the specific expenditure categories, the expenditure level at which saturation occurs, and the income level at which saturation occurs for each EC.
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Formally, we can express the hypothesis as:
Non-cointegration hypothesis: let be a vector of multivariate time series, such that
where is the cumulative average distance between ECs of category of expenditure at time , Δ is the price index of good at time minus the price index of good at time − 1, MTC is the mean of total consumption across households at time ,
Xsat is the income level at which saturation of good occurs at time , and
Ysat is the expenditure level at which saturation of good occurs at time .
In the Error Correction model Δ = + Π −1 + Δ −1 + , we test whether rank (Π) = 0, which corresponds to the absence of any cointegrating relationship (or co-movement) among the components of .
If the null hypothesis holds, then this means that the shape and saturation level of ECs do not move with changes in the mean household income level and the saturation level. In this case, there is no cointegrating relationship between , or and the mean household income. Table 2 reports the results of the non-cointegration tests using Johansen's test for cointegration rank (see Johansen 1995) at a 5 per cent level of significance.
[ Table 2 The results show that the non-cointegration hypothesis is rejected in the expenditure categories of leisure services, travel services, household goods, energy services and alcohol. This suggests that there is a link between changes in the income distribution of households, relative price changes, and shifts in both the ECs and their saturation points for these particular expenditure categories. These co-movements could be responsible for explaining why strong saturation, as investigated in section 3, is less frequent in some categories, and more frequent in other categories. This may be due to the fact that rising average household income leads to the emergence of new, high quality goods and services which may bring about upward shifts in the ECs at high income levels. Indeed in section 3, using nonparametric estimates of ECs, we found that expenditure categories predominantly related to services have a relatively low propensity to exhibit saturation. In the cointegration results, there also appears to be a higher likelihood that the above-mentioned co-movements occurs more frequently in services than in goods, as the non-cointegration hypothesis is rejected for three out of five major service expenditure categories, but only two out of seven major goods expenditure categories. Taken together, these findings suggest that assuming the existence of saturation may be appropriate in modeling structural change taking place in economies dominated by agricultural or manufacturing sectors, but may be less appropriate when modeling structural change in service-dominated economies.
Conclusion
This paper has empirically assessed assumptions made about the shape of ECs in models of demand-driven structural change. In general, these models are a good example of theoretical work in which an attempt has been made to incorporate established empirical regularities (Houthakker 1967) . Through the mutually beneficial exchange between empirical facts and theorizing, more progress can be made towards avoiding ceteris paribus assumptions that have long been the bane of economic theorizing.
Using nonparametric techniques, we have assessed the extent to which ECs across a wide range of goods and services exhibit saturation. Our results suggest that there is indeed a general tendency for ECs to flatten out and possess a negative slope at high income levels. We analyzed the expenditure patterns of thirteen major categories across almost four decades and found that ECs displayed weak saturation, on average, 60% of the time and strong saturation 17% of the time. At the same time, pure service expenditure categories tend to exhibit lower frequencies of saturation relative to expenditure categories mainly composed of goods. Moreover, subcategories of food exhibit relatively high frequencies of saturation. This provides some confirmation of the hypothesis that lower order goods, such as food, have a higher propensity to exhibit saturation relative to other types of expenditure, such as services.
This study has also shown that ECs are not stable over time, as cumulative shifts in ECs for all major expenditure categories were found to be non-stationary. We have found that, for some of these categories, changes in expenditures over time have closely tracked prices trends. Moreover, in a number of expenditure categories, a significant long run relationship was found between changes in the household income distribution and shifts in the EC, jointly with a number of other variables. We suspect that changes in the household income distribution significantly shift some of the ECs upwards, which may explain the low propensity to saturate displayed by services in nonparametrically estimated ECs. If this is the case, this casts significant doubt on whether cross sectional ECs can be used to make predictions about how the demand for services will change as household income rises.
In sum, there are indeed significant changes in expenditure patterns which take place as household income rises and may transform the industrial composition of the economy. However, these changes cannot be captured convincingly by simply assuming that all goods and services in the economy possess some saturation expenditure level. Specifically, results suggest that this assumption may be more suitable to modeling economies that are predominantly composed of agricultural or manufacturing sectors, but less suitable to modeling structural change in economies predominantly composed of service sectors. This is because ECs for services appear to exhibit a relatively low propensity to exhibit saturation and a tendency to co-move with changes in the income distribution.
In conclusion, more work needs to be done to ensure that the characterization of empirical regularities used in economic theories remain up to date with recent advances in empirical techniques that can shed new insights about the nature of these regularities. The advent of nonparametric techniques has substantially increased the ability of researchers to not only better understand known empirical phenomena, but also to discover new empirical regularities. Our hope is that such advances in statistical methods may inspire a new class of empiricallygrounded models of structural change that require a reduced number of ad hoc assumptions. 1968 1973 1978 1983 1988 1993 1998 2003 Source: UK Office of National Statistics. 
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Note: On the right-hand side, strong saturation occurs when the slope of the EC is decreasing at some interval of income, and the slope of both (upper and lower) confidence bands is decreasing at the same interval of income. On the left-hand side, weak saturation occurs when the slope of the EC is decreasing at some intervals of income. Travel S. 1968 Travel S. 1974 Travel S. 1980 Travel S. 1986 Travel S. 1992 Travel S. 1998 Travel S. 2004 Note: A diamond is depicted if strong saturation occurs in the corresponding year. Service expenditure categories (right-hand side) exhibit a relatively lower frequency of strong saturation relative to goods expenditure categories (left-hand side), especially from the 1990s onwards. Note: The ratio of the average price change for a particular category to the average inflation rate (RPI, 1968 (RPI, to 2006 ) is shown on the axis. If, for instance, the prices for a category have risen at the same rate as the inflation rate, then this ratio is equal to one. The axis displays the mean AD over time. 
EC food
Note: The saturation point on the parametrically estimated sigmoid EC is located at 2.5% distance from the asymptote. Note: For a number of categories, the saturation point displays both an upward and a rightward movement, e.g. food, clothing & footwear. These are generally consistent with CAD results.
